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ABoVE Airborne Campaign 
Polarimetric UAVSAR & AIRMOSS

 L-band UAVSAR with reference to ALOS2
– Higher resolution (1m versus 6m)
– Better NESZ (-48 dB versus -38dB)
 Better exploitation of HV for optimum polarimetric

target scattering scattering characterization
 P-band AIRMOSS
Longer penetration with reference to L-band
 Excellent NESZ (-46 dB)
Well calibrated => pure HV (Xtalk =-26dB)

Upcoming PLR missions: L-band NISAR (3m 
resolution 120km swath) and BIOMASS (ESA) ESA BIOMASS

L-band ALOS2
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What is a Polarimetric SAR? 
Exp: Convair-580 SAR (1988)

HORIZONTAL POLARIZATION

VERTICAL POLARIZATION

Polarization Synthesis

TR
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 Peatland Under Threat (Merrit )
 WAPUSK One of the Largest Known Polar 
Bear Denning Areas in the World

Climate Change effect:
 Bogs transformed to Fen
 Affect polar bear denning habitat 
which is entirely within bogs with 
thick peat deposits 
 Polar Bear under threat

 ALOS => peatland monitoring 
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Why Polarimetric SAR
for Peatland monitoring?

 Bog- (Poor)-Fen classification and monitoring not 
accurate with conventional Optic and SAR Sensors

Polarimetric SAR  Scattering mechanisms and 
target structure

Polarimetric C- RADARSAT-2 (5cm):
Enhanced vegetation species discrimination
Enhanced wetland (surface) hydrology monitoring

Polarimetric L-ALOS: large penetration (23cm) 
Peatland subsurface water flow monitoring
Bog-fen discrimination & transformation 

monitoring
Validated over Boreal & Subarctic peatlands

 Polarimetric P-AIRMOSS: Deeper penetration

RADARSAT2
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Touzi Decomposition for Peatland Classification:
ESA => Best promotion of Polarimetric SAR 

 Honours by ESA: Best Promotion of polarimetric SAR (PolinSAR2009)

 Invited to contribute to ESA Book: “Principles and Applications of Pol-InSAR”

R. Touzi, G. Gosselin, and R. Brook. Polarimetric L-band 
SAR for peatland mapping and monitoring , ESA Book, 
Springer, open-access, 2016

Licensed to PCI

IEEE TGRS 09

IEEE TGRS 07

Spec. issue Wetland Inventory CJRS 07
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Innovation
The Touzi Decomposition

 T
pp kkT *][


 50 years R&D (Kennaugh 51, Huynen 65, Cloude-Pottier 96)

New coherent Target Scattering Vector Model (TSVM):

 Solves for Cloude-Pottier target scattering type () ambiguities

 Scattering type (s , s )

Helicity ()  Local asymmetry  Forest structure

     332211][ TTTT  
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ALOS HH, HV, VV (Descending, Jun 8, 2010) ALOS HH, HV, VV (Descending, Jul 24, 2010)

Jun 8: Active layer 13 cm

Jul 24: Active layer 27 cm
Subsurface Water Flow Change

Sedge bulrush Fen & Litchen melt pond bog

Sedge bulrush Fen

Sedge bulrush Fen

Active layer melting 
between June and July

Variations of fen 
subsurface flow

Not detected by HH, HV, 
VV
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June 8, 2010: Active layer 13 cm July 24, 2010: Active layer 27cm

Site 1 Touzi scattering Phase Detects Subsurface Water Flow Change
Sedge bulrush Fen & Litchen melt pond bog

Sedge bulrush Fen

Sedge bulrush Fen
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Polarimetric ALOS2 for  Discontinuous 
Permafrost Mapping

R. Touzi and  S. Pawley (AGS, Alberta)

Depth to permafrost (m)

ALOS-2 2014_08_23
HH/HV/VV

Covered by Laura’s pass 
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Touzi Decomposition scattering phase 

Polarimetric ALOS2: FP6-4 Aug. 2014 
Discontinuous Permafrost mapping

Lidar&Landsat Classification 
(S. Pawley)
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R. Touzi, Yu Zhang, and Robert Fraser 
CCRS

Steve Kokelj  (Northwest Territories Geological Survey, Government of the NWT)
Trevor Lantz (School of Environmental Studies, University of Victoria)

Investigation of the added value of L& P-band PolinSAR 
for mapping and monitoring surface and permafrost 
conditions along the Inuvik-Tuk Highway corridor

M. Moghaddam
USC

Peter Morse     (GSC)
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• The 137 km Inuvik-Tuk Highway (ITH) is the largest 
infrastructure in Canadian Arctic;

Tuktoyaktuk

Inuvik

 It is underlain by ice-rich 
permafrost, and crosses 
treeline from boreal forest 
to arctic tundra; 

 Climate warming is most 
pronounced in this area, 
which affects permafrost, 
ecosystems, and 
infrastructure. 

 Infrastructure => impact on 
the surrounding 
environment
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Objective & Field data

• Investigation of the added value of polarimetric long 
penetrating wavelength L- and P-band SAR with reference 
to conventional optic sensors for enhanced monitoring of 
permafrost degradation and vegetation transformation 
related to global climate warming.

• PolinSAR L- and P-band SAR will be conducted using 
repeat-pass L-band UAVSAR and P-band AIRMOS 
acquistion

• Intensive field data will be collected (jointly with our 
partners) during the airborne campaign 

• Archived field data + in-situ sensors measurements for 
many years (GSC, GNWT, CCRS)

• C-band Radarsat2, L-band polarimetric ALOS and ALOS2 
+ Optic data (Quickbird, Landsat, Spot)
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L-band ALOS2
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UAV-based Mapping to Measure Changes 
in Ice-Rich Permafrost Terrain => PolinSAR validation

• Large thaw slumps are a common form of thermokarst in the ice-rich permafrost 
regions of Northwestern Canada

• Slumps transport large volumes of sediments into stream valleys, lakes, or coastal 
zones impacting water quality   

• There is evidence that slump activity has recently intensified in many Arctic 
landscapes due to climate changes (increased rainfall, rising air and ground 
temperatures,)

Ice-rich headwall

Muddy slump floor

Debris tongue

17
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• A team from NRCan-CCRS and GNWT used UAVs to map 
several “mega-slumps” on the Peel Plateau of NWT in 2015 and 
2016.

• UAV-based photographic surveys combined with Structure from 
Motion processing methods provides a low-cost and detailed 
means of measuring slump changes at annual or shorter time 
scales.

UAV-based Mapping to Measure Changes 
in Ice-Rich Permafrost Terrain  

Octocopter UAV with Sony a6000 camera
Dense 3D Point Cloud Model

Digital Surface Model
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• Changes between the UAV-based Digital Surface Models show the growth of the slump and 
volume of sediments that have been deposited or exported downstream. 

UAV-based Mapping to Measure Changes 
in Ice-Rich Permafrost Terrain  

2016 Orthomosaic
from >600 photos

Approx 15 m
headwall growth

headwall growth ~15m

deposited sediments

19
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Zhang, Y., et al., The Cryosphere, 8, 2177-2194, 2014

UAVSAR 
+AIRMOSS 
POLinSAR

Improve 
Zhang’s 
permafrost 
model (NEST) 
for ALT 
monitoring & 
projected 
change
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Flight Planning 
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Remote sensing for assessing cumulative 
impacts on barren ground caribou

Wenjun Chen et al.
NRCan led projects:  
 Satellite Monitoring for Assessing Resource Development’s Impact on Bathurst 
Caribou; funded by NWT Cumulative Impact Monitoring  Program (CIMP)
 Baseline Monitoring of Arctic Vegetation and Snow Changes over the Bathurst 
Caribou Habitat using Satellite Remote Sensing and Community-based Field 
Observations; funded by CIMP

Partners: Governments (NRCan; Gov. NWT, Tlicho Government, Wek'èezhìi 
Renewable Resources Board); industry (Dominion Diamond Ekati Corporation, 
Environmental Resources Management, Integrated Ecological Research); 
international organizations (CircumArctic Rangifer Monitoring and Assessment 
Network); academia (Carleton U.)

Goal: to provide EO monitoring products and EO-based assessments of cumulative 
impacts of climate change, resource developments, and other factors on barren 
ground caribou in Canada’s arctic 
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Cumulative impacts of 
climate change, 
resource 
development, and 
other factors on the 
Bathurst caribou?  
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Field data  

Summers 2015 & 2016: % vegetation cover, mean plant height, 
soil pH, dust on leaves, noise level, PM2.5,  and precision GPS 
records, along transects from the Ekati Diamond Mine
May-October,  2013 & 2014: % vegetation cover, mean plant 
height, and digital photos every 5-d, at sites near Wekweeti  and 
Daring Lake 
Summer 2005: percent vegetation cover, mean height,  leaf 
biomass, aboveground biomass, at sites around Yellowknife and 
Lupin Gold Mine 

Wished area: Bathurst caribou range (latitude  60-68  N, 
longitude 105-115 w)


